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FIG. 26
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FIG. 27
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FIG. 28

Index | Step size of Tx power down Period
[dBm] [s]

Fixed with x1 Fixed with T1

Fixed with x1 Fixed with T2

Fixed with x1 T1, T2, T3, .. (in order)
i Fixed with x2 Fixed with T1
i+1 Fixed with x2 Fixed with T2
i+2 Fixed with x2 T1, T2, T3, .. (in order)
j x1, x2, x3, ..., XN (in order) Fixed with T1
j+1 x1, x2, x3, ..., xN (in order) Fixed with T2
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Index Step size of tilt angle down Period
[degree] [s]

Fixed with A1 Fixed with T1

Fixed with A1 Fixed with T2

Fixed with A1 T1, T2, T3, .. (in order)
i Fixed with A2 Fixed with T1
i+1 Fixed with A2 Fixed with T2
i+2 Fixed with A2 T1, T2, T3, .. (in order)
J A1, A2, A3, ..., AN (inorder) | T1,T2, T3, .. (in order)
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FIG. 30
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RADIO COMMUNICATION SYSTEM, RADIO
COMMUNICATION METHOD, RADIO BASE
STATION AND CONTROL STATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation Application of U.S.
application Ser. No. 13/256,123 filed Sep. 12, 2011, which
claims priority from Japanese Patent Application No. 2009-
061470 filed on Mar. 13, 2009, the disclosures of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

This invention relates to a radio communication system
having a plurality of radio base stations and a control station,
in which the control station optimizes the setting at the radio
base stations other than a specified one of the radio base
stations in response to state control at the specified radio base
station.

BACKGROUND

In these days, researches and developments for power sav-
ing from the perspective of Green IT (Information Technol-
ogy) are conducted actively.

In Patent Document 1, there is a proposal on transmission
power controlling method at one or more radio base stations
arranged in each of a plurality of service areas of a mobile
communication system in which radio communication is car-
ried out between the radio base station and a mobile station.
The mobile communication system is presupposed to be a
PHS (Personal Handy-phone System) which is a simplified
mobile phone system that uses a micro-cell. The radio base
station is configured to receive a signal sent from the other
radio base station(s) to control the transmission power at its
own station based on the relationship between the informa-
tion concerning the state of communication in the other radio
base station(s) as derived from the received signal and the
power of the signal received from the other radio base station
(s).

More specifically, the radio base station monitors

traffic status at neighboring radio base stations, and

received power from neighboring radio base stations.

The radio base station performs control to decrease the
transmission power if the monitored result indicates that the
received power at its own radio base station from another base
station (neighboring radio base station) exceeds a predeter-
mined required threshold value and such another radio base
station is in a low traffic situation.

If the radio base station of interest decreases its transmis-
sion power, but the received power from the other radio base
station exceeds the required threshold value, a mobile termi-
nal engaged in communication with the radio base station is
able to hand over to the other radio base station. Hence, call
disconnection is not happened, thus presenting no problem.

Thus, with the transmission power controlling method for
the radio base station of Patent Document 1, each radio base
station is able to autonomously control the stop and start of
transmission in keeping with each surrounding status. It is
thus possible with the transmission power controlling method
for the radio base station of Patent Document 1 to flexibly deal
with considering the traffic states to achieve power saving.

On the other hand, from the perspective of reducing the
operation cost (OPEX), researches and developments on
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SON (Self Organizing Network) in a radio communication
system, are actively carried out.

SON has the following functions:

self-configuration;

self-optimization;

self-healing; and so forth.

Techniques that will accomplish respective different objec-
tives (Non-Patent Documents 1 and 2) are under study.

In Non-Patent Document 1, optimization of the radio
parameter is introduced as one of the SON techniques. It is
intended to achieve different objectives such as

maximizing throughput characteristic;

minimizing delay;

maximizing network capacity; and

maximizing coverage.

Examples of radio parameters include

transmission power of a base station;

antenna tilt angle of a base station;

neighbor cell information; and

handover parameter.

One or more of these radio parameters is changed where
appropriate in order to achieve the above mentioned objec-
tives.

In Patent Document 2, there is disclosed a configuration in
which, in case a radio base station (6f) is newly installed, the
radio base station (6f) sends information indicating a status of
the own station (6f) to a neighboring base station (6¢) that
most strongly received a perch channel from another radio
base station. The information indicating the status of the own
station (6f) includes a use frequency information or a location
information, for example, and is sent over a channel that may
be received by another radio base station, such as over a
common control channel. The neighboring base station (6¢)
receives this information to take out therefrom the informa-
tion that represents the status of the radio base station (6f) to
notify to the other neighboring base stations (6a to 6d) the
information regarding the newly installed radio base station
(6/) via a base station control station (3e). These neighboring
base stations (6a to 6d) autonomously update databases of
neighboring zone information that they hold, i.e., neighbor-
ing zone information needed for a mobile station to switch a
channel, by way of updating a neighboring zone table by
addition of the radio base station 6. The neighboring base
stations broadcast updated neighboring zone information to
each mobile station over a multicast channel which is a down-
link common control channel. In this manner, each mobile
station is able to recognize the presence of the radio base
station (6f) to wait in a radio zone of the radio base station (6f)
or to switch to a channel for the radio base station (6f). In
Patent Document 2, in case a base station is newly installed or
removed (after operation), it sends a notification regarding
new installation or removal to the neighboring base station(s)
over a radio path to allow addition to or removal from the
neighboring zone tables.

PATENT DOCUMENT
Patent Document 1
JP Patent Kokai Publication No. JP-P2003-037555A
Patent Document 2

JP Patent Kokai Publication No. JP-A-11-215552
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NON-PATENT DOCUMENT

Non-Patent Document 1

NGMN technical documents: Use Cases related to Self Orga-
nizing Network (Internet <URL> http://www.ngmn.org/
uploads/media/NGMN_Use_Cases_Self_Organising_
Network 2 02.pdf)

Non-Patent Document 2

3GPP TS36.300 v8.7.0 22.3.2a (Internet <URL> http://
www.3gpp.org/ftp/Specs/html-info/36300.htm)

Non-Patent Document 3

3GPP TS36.902 v1.0.1 4.2 (Internet <URL> http://
www.3gpp.org/ftp/Specs/html-info/36902.htm)

SUMMARY

An analysis of the related techniques by the present inven-
tion is the following:

In transmission power control in a radio base station with
the above mentioned related techniques, each radio base sta-
tion performs independent transmission power control in
accordance with information concerning surrounding envi-
ronment as measured by the own station and a pre-set thresh-
old value. As a result, in the related techniques, the effect of
changing transmission power and in particular, switching off
the transmission influences neighboring base stations.

As an example, it is presupposed that, in a cellular system
having a self-optimizing function, a certain radio base station
autonomously controls the transmission power to switch off
its transmission. Following describes the result of investiga-
tion by the present inventor:

If, at a specified time point, a radio base station (radio base
station A) autonomously switches transmission off, the fact
that the radio base station A switches transmission off is not
notified to other radio base stations (a set of radio base sta-
tions B) respectively managing cells neighboring to a cell of
the radio base station A.

Hence, the set of radio base stations B each detects that it is
necessary to reconfigure radio parameters of the own station
only when it is unable to receive (detect) a signal sent from the
radio base station A. The set of radio base stations B then
proceeds to optimize the radio parameters of the own station,
respectively.

Other radio base stations (a set of radio base stations C)
managing cells neighboring to the cells of the set of radio base
stations B are similarly influenced by the reconfiguration of
the radio parameters in the set of radio base stations B, and
thus proceed to optimize the radio parameters of the own
stations.

That is, the effect due to the control of the transmission
power (transmission off) based on the self decision of the
radio base station A is spread to the neighboring radio base
stations B and further the neighboring base stations C and so
on.

In addition, the set of radio base stations B, which once
changed the radio parameters for optimization, has to proceed
to change its radio parameters again. It is because the radio
base stations B is influenced by the change of the radio param-
eters that has been made to optimize the set of radio base
stations C. Such re-changing of the radio parameters is esti-
mated to occur one after another between respective neigh-
boring radio base stations.
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In this case, the system-wide optimization of the radio
parameters will not end up with convergence, that is, it will
take much time before ultimately arriving at optimization of
the radio parameters. Hence, a delay from a time point when
the radio base station A switches the transmission offto a time
point when optimization of radio parameters in the neighbor-
ing base stations is completed may be of a problem. Thatis, in
case the radio base station A autonomously switches the
transmission off, it is desirable for the radio parameters in the
neighboring base stations to be efficiently reconfigured to
respective optimum values (knowledge obtained by the
present inventor).

In addition, a time period during which the radio param-
eters are configured at inappropriate values is unavoidably
included in the time period from the transmission off of the
radio base station A until completion of optimization of the
radio parameters in the neighboring base stations. As a result,
several problems are thought to be incurred. For example,

if transmission power and antenna tilt angle are inappro-

priate, interference between neighbor cells will be
increased; and

ifneighbor cell information is inappropriate, it is likely that

unneeded measurements may be performed by radio
terminals (mobile stations) (knowledge obtained by the
present inventor).

Similar problems may be thought to arise in case a radio
base station transits from transmission off state to transmis-
sion on state. In case a radio base station executes state con-
trol, it is desirable to implement a system configuration in
which radio parameters in neighboring base stations will be
efficiently self-optimized (knowledge obtained by the present
inventor).

It is therefore an object of the present invention to provide
a radio communication system, a radio communication
method, a radio base station and a control station, in which,
when a radio base station executes state control, it is possible
to set radio parameters in the neighboring base stations effi-
ciently at respective appropriate values.

The present invention provides a radio communication
system, a radio communication method, a radio base station,
a control station, and a program (or a computer-readable
recording medium having the program stored therein) which
may be stated as follows, but not limited thereto.

According to the present invention, there is provided a
radio communication system comprising: a plurality of radio
base stations; and a control station connected to the radio base
stations. In the radio communication system, on occurrence
of a trigger for execution of state control of a first radio base
station of said radio base stations in said first radio base
station, said first radio base station notifies state control infor-
mation including information regarding said state control to
at least one out of said control station and other radio base
stations than said first radio base station, before or at a time of
start of said state control or in an execution step of said state
control. The control station notifies at least one of manage-
ment information regarding a radio parameter to be updated
in accordance with said state control and said state control
information to at least a second radio base station out of said
radio base stations that are connected to said control station,
said second radio base station managing at least a cell neigh-
boring to a cell of said first radio base station.

According to the present invention, there is provided a
radio communication method in a radio communication sys-
tem having a plurality of radio base stations and a control
station that prescribes the operation of the radio base station
and that of the control station. In the radio communication
method, on occurrence of a trigger to prompt performing state
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control of a first one of the radio base stations in the first one
of the radio base stations, the first radio base station notifies
state control information including information regarding
said state control to at least one out of the control station and
other radio base stations than the first radio base station,
before or at a time of start of the state control or in a step of
performing the state control. The state control information is
the information regarding the state control. The control sta-
tion sends to at least a second one of the radio base stations
one or both of the state control information regarding the first
radio base station and the management information regarding
a radio parameter to be updated in accordance with the state
control of the first radio base station. The second radio base
station manages a cell neighboring to a cell of the first radio
base station.

According to the present invention, there is also provided a
radio base station comprising a means that notifies, on occur-
rence of a trigger for execution of state control of said radio
base station, state control information including information
regarding the above mentioned state control to at least one out
of a control station and the other radio base stations, before or
at atime of start of the state control or in an execution step of
the state control.

According to the present invention, there is also provided a
control station which, on receiving state control information
from a first radio base station, sends to at least a second radio
base station one or both of the state control information
regarding the first radio base station and management infor-
mation regarding a radio parameter to be updated in accor-
dance with the state control of the first radio base station. The
second radio base station manages a cell neighboring to a cell
of'the first radio base station. The state control information is
the information regarding the state control.

According to the present invention, there is also provided a
program causing a computer that composes a radio base sta-
tion to execute the processing of the radio base station (or a
computer-readable recording medium that has stored the pro-
gram therein). According to the present invention, there is
further provided a program causing a computer that com-
poses the control station to execute the processing of the
control station (or a computer-readable recording medium
that has stored the program therein).

According to the present invention, in case a radio base
station performs state control, radio parameters in neighbor-
ing base stations may efficiently be set to respective appro-
priate values.

Still other features and advantages of the present invention
will become readily apparent to those skilled in this art from
the following detailed description in conjunction with the
accompanying drawings wherein only exemplary embodi-
ments of the invention are shown and described, simply by
way of illustration of the best mode contemplated of carrying
outthis invention. As will be realized, the invention is capable
of other and different embodiments, and its several details are
capable of modifications in various obvious respects, all with-
out departing from the invention. Accordingly, the drawing
and description are to be regarded as illustrative in nature, and
not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a configuration of a radio
communication system according to an exemplary embodi-
ment of the present invention.

FIG. 2 is a diagram showing a cell configuration different
from that of the radio communication system of the exem-
plary embodiment of the present invention.
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FIGS. 3A and 3B are diagrams showing a case of transmis-
sion off of a radio base station according to the exemplary
embodiment of the present invention.

FIG. 4 is a diagram showing another case of transmission
off of the radio base station according to the exemplary
embodiment of the present invention.

FIG. 5 is a diagram showing an example control sequence
in case the radio base station of a first exemplary embodiment
of the present invention switches transmission off.

FIG. 6 is a diagram showing another control sequence in
case the radio base station of the first exemplary embodiment
of the present invention switches transmission off.

FIGS. 7A to 7D are diagrams showing neighbor cell lists in
the first exemplary embodiment of the present invention.

FIGS. 8A to 8D are diagrams showing further neighbor cell
lists in the first exemplary embodiment of the present inven-
tion.

FIG. 9 is a diagram showing an example control sequence
in case a radio base station in the first exemplary embodiment
of the present invention switches transmission on.

FIG. 10 is a diagram showing another example control
sequence in case a radio base station in the first exemplary
embodiment of the present invention switches transmission
on.

FIGS. 11A to 11D are diagrams showing neighbor cell lists
according to the first exemplary embodiment of the present
invention.

FIGS. 12A to 12D are diagrams showing further neighbor
cell lists according to the first exemplary embodiment of the
present invention.

FIG. 13 is ablock diagram showing the configuration of an
O&M in the first exemplary embodiment of the present inven-
tion.

FIG. 14 is a block diagram showing the configuration of a
radio base station eNB in the first exemplary embodiment of
the present invention.

FIG. 15 is a diagram showing a control sequence in case of
transmission off of a radio base station according to a modi-
fication of the first exemplary embodiment of the present
invention.

FIG. 16 is a diagram showing another control sequence in
case of transmission off of the radio base station according to
a modification of the first exemplary embodiment of the
present invention.

FIG. 17 is a diagram showing a control sequence in case of
transmission off of a radio base station according to a second
exemplary embodiment of the present invention.

FIG. 18 is a diagram showing another control sequence in
case of transmission off of the radio base station according to
the second exemplary embodiment of the present invention.

FIGS. 19A to 19E are diagrams showing neighbor cell lists
in the second exemplary embodiment of the present inven-
tion.

FIGS. 20A to 20E are diagrams showing further neighbor
cell lists in the second exemplary embodiment of the present
invention.

FIG. 21 is a diagram showing a configuration of a radio
communication system 2 according to the present invention.

FIG. 22 is a block diagram showing a configuration of a
main radio base station in a third exemplary embodiment of
the present invention.

FIG. 23 is a diagram showing a control sequence in case of
switching off of the radio base station according to the third
exemplary embodiment of the present invention.

FIG. 24 is a diagram showing a control sequence in case of
switching on of a radio base station according to the third
exemplary embodiment of the present invention.
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FIG. 25 is a flowchart showing an example processing
sequence of an O&M in the first and second exemplary
embodiments of the present invention.

FIG. 26 is a flowchart showing an example processing
sequence of an eNB3 in the first and second exemplary
embodiments of the present invention.

FIG. 27 is a flowchart showing an example processing
sequence of an eNB1 (2) in the first and second exemplary
embodiments of the present invention.

FIG. 28 is a diagram showing an example stepwise control
of power down in the exemplary embodiments of the present
invention.

FIG. 29 is a diagram showing an example stepwise control
of an antenna tilt angle in the exemplary embodiments of the
present invention.

FIG. 30 is a diagram showing ANR and its surrounding
(corresponding to FIG. 22 of Non-Patent Document 2).

PREFERRED MODES

In one of preferred modes of the present invention, when a
trigger to execute state control of a radio base station occurs
in a first radio base station, state control information that is
information regarding state control, is notified to at least one
of'acontrol station and other radio base stations other than the
first radio base station, before or at a time of start of the state
control or in an execution step of the state control. The control
station transmits to at least a second radio base station one or
both of the state control information regarding the first radio
base station and the management information regarding a
radio parameter to be updated in accordance with the state
control of the first radio base station. The second radio base
station manages a cell neighboring to a cell of the first radio
base station. According to the present invention, a radio
parameter of the own station may efficiently be configured to
an appropriate value even in case a radio base station other
than the own station, located in the surrounding area of a cell
of the own station, has executed state control (That is, self-
optimization may be implemented). A radio communication
system (a mobile communication system) according to one of
exemplary embodiments of the present invention will now be
described. Although the present radio communication system
has a preferred configuration conforming to the specification
of ’3GPP LTE (3GPP Long Term Evolution), but not limited
to this specification.
<Outline Configuration of First Radio Communication Sys-
tem>

FIG. 1 is a diagram schematically illustrating an example
configuration of a radio communication system according to
one of exemplary embodiments of the present invention. The
radio communication system includes radio base stations 20
(eNB: evolved Node B or E-UTRAN (E-UTRAN: Evolved
UTRAN) Node B) eNB1, eNB2 and eNB3, an O&M 10
(Operation and Maintenance server), which is a control sta-
tion managing the radio base stations 20, and which is also
termed an OMC (Operation Maintenance Center), and radio
terminals 30 (UE: User Equipment) UE1 and UE2. It is pre-
supposed that the radio base stations eNB1, eNB2 and eNB3
are managing a cell 1, a cell 2 and a cell 3, respectively, and
that the UE1 and the UE2 are located in the cell 1 and the cell
2, respectively. In FIG. 1, the UE1 and the UE2 are located in
the cell 1 and the cell 2, respectively, only for illustration, and
it is a matter of course that there is no limitation in the UEs'
locations.

It is noted that in case the radio base stations eNB1, eNB2
and eNB3 respectively manage a plurality of sectorized cells,
that is, cell 1-1 to cell 1-3, cell 2-1 to cell 2-3 and cell 3-1 to
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3-3, the present invention may be applied without loss of
generality of the invention. Here, the explanation will be
premised on the configuration of FIG. 1 only for simplifying
the explanation.

Exemplary Embodiment 1

In the following, it is presupposed that the radio base sta-
tion eNB3 executes sleep and wakeup as state control
examples. That is, transmission in the cell 3 managed by the
radio base station eNB3 is switched off (Tx-off) to carry out
sleep and switched on (Tx-on) to carry out wakeup. It is noted
that, when it is stated here that the transmission is switched
off, there are two cases, namely
(a) a case where transmission on a specified frequency (cell)
managed by a certain radio base station is switched off, and
(b) a case where transmission on all the frequencies (cells)
managed by a certain radio base station is switched off, as
shown in FIGS. 3A and 3B. The following explanation is
premised on the case (b), however, it is to be understood that
the case (a) is equally valid for the present invention.

In the exemplary embodiment of the present invention, not
only the case of FIG. 1, but also the case of FIG. 4 is appli-
cable. In the case of FIG. 4, cells different in size, such as
macro-cells and micro-cells, are overlapped with one another
and, for example, transmission for the small-size cells (cells
1, 2, 3 and 4) is to be switched oft (Tx-off). The same may be
said of a case where transmission for the small-size cells is to
be switched on (Tx-on).

FIGS. 5to 14 illustrate a first exemplary embodiment of the
present invention. Following describes the present exemplary
embodiment more specifically with reference to FIGS. 1 and
510 14.

In the present exemplary embodiment, it is assumed that
transmission in the cell managed by the radio base station
eNB3 (cell 3 of FIG. 1) is to be switched off (TX-off) or
switched on (Tx-on). In this case, the O&M (OMC) instructs
the radio base stations eNB1 and eNB2 to remove the corre-
sponding cell (cell 3) from their neighbor cell lists or to add
the corresponding cell (cell 3) to the lists, which are main-
tained by the radio base stations eNB1 and eNB2, respec-
tively. The radio base stations eNB1 and eNB2 are the neigh-
bor base stations with respect to the cell managed by the radio
base station eNB3.

FIG. 5 shows a procedure of controlling the neighbor cell
list in case transmission by the radio base station eNB3 is to
be switched off (Tx-off). In the sequence diagram of FIG. 5,
a vertical line denotes time. For each of eNB1 (2), eNB3 and
O&M (OMC), a box denotes processing, and an arrow along
ahorizontal line denotes the information (message) sent from
a transmission source to a transmission destination, with the
arrow pointing to the destination. The same applies for other
sequence diagrams as well.

The eNB3 detects, from the following states, that the situ-
ation is such as the transmission is able to be switched off.
Those states include:

a state where the number of terminals which are commu-
nicating with the eNB3 in the own cell (cell 3) is not
equal to or larger than a preset threshold value; or

a state where the number of terminals which are in an active
state is not equal to or larger than a preset threshold
value; and

a state where received signal strength of signals from
neighboring base stations is high such that, even if trans-
mission in the own cell (cell 3) is switched off, the
neighboring base stations are able to cover the area of the
own cell (cell 3) (see “Trigger for Tx-off” of FIG. 5).
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Hence, the eNB3 requests the O&M (OMC) to switch the
transmission in the own cell (cell 3) off (See “Request for
Tx-off”). It is noted that the request to switch off transmission
corresponds to the state control information.

The trigger to detect that the situation is such as allows for
switching transmission off may be other than those shown
above. For example, a given radio base station may make a
decision if transmission is able to be switched off depending
on whether or not a terminal or aset of terminals allowed to be
connected to the own station (CSG: Closed Subscriber
Group) exist in the own cell or a neighbor cell of the own cell.
Further, the trigger may be configured to be applied ata preset
time point.

The Q&M (OMC) indicates to the neighbor radio base
stations eNB1 and eNB2 that the cell 3 is to be removed from
the neighbor cell list because the base station eNB3 is going
to switch off the transmission in the own cell (cell 3), by way
of the management information transfer (see ‘Indication of
removal of cell 3 from the neighbor cell list” of FIG. 5).

The radio base stations eNB1 and eNB2 update the neigh-
bor cell lists they maintain by removing the cell 3 (see ‘Neigh-
bor cell list update’ of FIG. 5) and notify the Q&M (OMC) of
the completion of update of the neighbor cell lists (see
‘Completion of cell 3 removal from the neighbor cell list” of
FIG. 5).

The Q&M (OMC) notifies the radio base station eNB3 that
switching transmission off in the cell 3 is now allowed (see
‘Activation of Tx-off” of FIG. 5). The radio base station eNB3
accordingly switches off transmission in the own cell (cell 3)
(see ‘Tx-off” of FIG. 5).

When the radio base station eNB 3 switches off transmis-
sion in the own cell (cell 3), transmission may be switched off
instantaneously in the eNB3, or, transmission power may be
reduced in a stepwise manner or antenna tilt angle may be
down-tilted in a stepwise manner. FIGS. 28 and 29 show
example cases where the transmission power is reduced or the
antenna tilt angle is down-tilted in a stepwise manner.

FIG. 28 shows the relationship among indices (Index), the
step size of Tx power reduction (Step size of Tx power down)
and the period of the power down steps (Period). In FIG. 28,
desired values are set in x1, x2, X3, . . ., XN, which stand for
the step sizes of Tx power down, and in T1, T2, T3, which
stand for the periods of the power down steps. By having the
relationship (information) of FIG. 28 stored as tables in the
Q&M (OMC) and in the radio base stations, the radio base
stations which have to reduce the transmission power may be
informed of how to reduce the transmission power, provided
that the radio base stations are informed by the Q&M (OMC)
of relevant index numbers. If, in the case of FIG. 28, the index
is 1, the transmission power is reduced by a fixed value x1 per
period T1, that is, during a time interval T1. If then index is 3,
the transmission power is reduced by a fixed value x1 for each
of'the time intervals T1, T2, T3, ..., of different lengths in the
order of the periods T1, T2, T3. If the index is j, the transmis-
sion power is reduced by x1 during the first period T1 and by
x2 during the second period T2 and so forth, such that both the
lengths of the periods and the step sizes of the power reduc-
tion are varied.

The same method may be applied for said of the antenna tilt
angle. In the case of FIG. 29, there is shown the relationship
among indices (Index), the step sizes of antenna tilt down
(Step size of tilt down) and the periods of the tilt down steps
(Period). In FIG. 29, desired values of the step size of the
antenna tilt down are set at A1, A2, A3, ..., AN, and desired
values of the periods of the antenna tilt down steps are set at
T1,T2,T3,....Ifthe index is 1, the antenna tilt is down-tilted
by a fixed value A1 for the period T1, that is, every time length
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T1. If the index is 3, the antenna tilt is down-tilted by a fixed
value Al for each of the time intervals T1, T2, T3, .. ., in the
order of periods of different lengths T1, T2, T3. If the index is
j, the transmission power is reduced by Al during the first
period T1, by A2 during the next period T2, and so forth, such
that both the lengths of the periods and the step sizes of the
antenna tilt down are varied.

In this method, the transmission power reduction or the
antenna tilt down is not executed instantaneously, but is
executed in a stepwise manner. It is thus possible to prevent
that, at a terminal placed under management by the base
station, whose transmission is to be switched off, the trans-
mission quality is rapidly degraded or t call disconnection is
happened because of the abrupt change of propagation char-
acteristics. It is noted that the transmission power increase or
the antenna tilt up may be executed in a manner similar to the
case of the transmission power reduction or the antenna tilt
down, respectively.

After updating the neighbor cell list, the radio base stations
eNB1 and eNB2 may broadcast or unicast to terminals in the
own cells the information which needs to be informed in
accordance with the update of the lists.

Example of the information to be sent to these terminals
include

updated neighbor cell list, also referred to as NCL;

update information of the neighbor cell list;

the maximum value of transmission power;

handover parameters,

cell reselection parameters; or

other radio parameters.

The terminal updates radio parameters in accordance with
the information broadcast or unicast from the radio base
station.

The intention of a given radio base station transmitting the
maximum value of the transmission power to the terminal
may be such that, when the given radio base station switches
off the transmission, the neighboring base stations are to be
allowed to increase the transmission power by a maximum
value to increase respective coverage area.

As handover parameters,

measurement report threshold value (Measurement report

threshold),

cell specific offset of the serving cell,

frequency specific offset of a serving frequency,

cell specific offset of a neighbor cell (cell Individual Off-

set),

serving cell quality threshold value,

serving cell quality as a trigger for a terminal to decide

whether or not measurement is to be carried out (s-Mea-
sure),

quality (trigger Quality) to trigger performing measure-

ment report,

hysteresis used to decide whether or not a measurement

report is to be performed, and the like may be used.

These parameters are also parameters relevant to measure-
ment (Measurement) at a terminal, and hence may also be
said to be measurement (Measurement) parameters.

As cell reselection parameters,

quality offset of the serving cell and the neighbor cell

(q-Offset Cell),

quality offset of the serving frequency and other frequen-

cies (q-Offset Freq) and

cell reselection priority (Cell reselection Priority), for

example, may be used.

Adjustment of the handover parameters or the cell reselec-
tion parameters helps promote ease in movement of terminals
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from a cell where transmission is switched off to neighbor
cells or in reselection of the neighbor cell by the terminal
itself.

In the present exemplary embodiment, the neighbor cell
list in a neighboring base station may properly be updated
without delay, by following the above procedure, even in case
a given radio base station switches transmission off.

In the above mentioned sequence example, shown in FIG.
5, the O&M (OMC) indicates the neighboring base stations
eNB1 and eNB2 of the neighbor cell list update (removal of
cell 3) (see ‘Indication of removal of cell 3 from neighbor cell
list’ of FIG. 5). However, in the present exemplary embodi-
ment, not only update of the neighbor cell list but update of
other radio parameters, may be indicated as management
information, as shown in FIG. 6 (see ‘Indication of removal of
cell 3 from neighbor cell list and updated other radio param-
eter information’ of FIG. 6).

At this time, the eNB1 and eNB2 notify the O&M (OMC)
of'the update of the neighbor cell list (see ‘Completion of cell
3 removal from neighbor cell list’ of FIG. 6), after which the
eNB1 and eNB2 update the radio parameters (see ‘Radio
parameter update’ of FIG. 6).

The radio base station eNB1 and eNB2 notify the terminals
of the update of the radio parameters as necessary.

Example of the radio parameters, other than the neighbor
cell list, include as follows:

transmission power (maximum value or relative values of

increase/decrease);

antenna tilt angle;

handover parameters; and

cell reselection parameters.

The radio base stations eNB1 and eNB2 may update the
radio parameters other than the neighbor cell list after, at the
same time as or before updating the neighbor cell list (see
‘Neighbor cell list update’ of FIG. 6). Or, the O&M may
indicateto the eNB1 and eNB2 that other radio parameters are
to be updated at the same time as, immediately before or
immediately after allowing the eNB3 to switch off transmis-
sion. The radio base stations eNB1 and eNB2 may then
accordingly update the corresponding radio parameters.

The radio base stations eNB1 and eNB2 may update the
transmission power or the antenna tilt angle instantaneously
or stepwise (see ‘Radio parameters update’ of FIG. 6).

The O&M (OMC) may notify the eNB3 ofthe update of the
radio parameters immediately after receiving the request for
Tx-off or at the same time as the activation (Activation) of
Tx-off. The radio parameters at this time may be the above
mentioned radio parameters.

FIGS. 7A-7D and FIGS. 8A-8D illustrate update of the
neighbor cell list (NCL).

FIGS. 7A-7D show examples neighbor cell lists (NCLs),
maintained by the eNB1 and eNB2, as explained with refer-
ence to FIGS. 1, 5 and 6. The neighbor cell list includes an
indices (Index) and target cell identifiers (Target Cell IDs:
TCIs) associated with the indices.

FIGS. 7A, 7C indicate neighbor cell lists of the eNB1 and
eNB2 before the eNB1 and eNB2 are indicated from the
O&M (OMC) that the cell 3 is to be removed from the neigh-
bor cell list because the eNB3 switches transmission in the
cell 3 off.

Referring to FIG. 7A, the eNB1 recognizes TCI#2, TCI#3,
TCI#4 and TCI#8 as neighbor cells. It is noted however that
TCI#8 is not shown in FIG. 7A. As the TCIs, a global cell
identity (Global Cell ID) or a physical cell identity (Physical
Cell Identity) of the target cell is normally used. It is however
here assumed that TCI#x denotes cell x for simplicity.
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In similar manner, in FIG. 7C the eNB2 recognizes TCI#1,
TCI#3, TCI#8 and TCI#9 as neighbor cells. It is noted how-
ever that TCI#9 is not shown in FIG. 7C.

When notified from the O&M (OMC) that the cell 3 is to be
removed, the eNB1 and eNB2 remove TCI#3, equivalent to
the cell 3, from the respective neighbor cell lists, as shown in
FIGS.7B and 7D. In this case, the TCI#3 may be removed and
the succeeding TCIs# may be sequentially shifted towards
left for padding, or the space so far occupied by the TCI#3
may be left void.

FIGS. 8A-8D show other examples of the neighbor cell
lists maintained by the eNB1 and eNB2.

In each of the eNBs, a white neighbor cell list (White
Neighbor Cell list) where access is allowed for aterminal, and
a black neighbor cell list (Black Neighbor Cell list), where
access is not allowed for a terminal, are separately provided.
Each of the white and black neighbor cell lists includes index
and target cell identifier (TCI) associated with the index.
FIGS. 8A and 8C indicate neighbor cell lists of the eNB1 and
eNB2 before the eNB1 and eNB2 are indicated from the
O&M (OMC) that the cell 3 is to be removed from the neigh-
bor cell list because the eNB3 switches transmission in the
cell 3 off.

Referring to FIG. 8 A, the eNB1 recognizes TCI#2, TCI#3,
TCI#4 and TCI#8 as neighbor cells of the white neighbor cell
list. It is noted that, in FIG. 8 A, TCI#8 is not shown. The
eNB1 also recognizes TCI#5 and TCI#6 as neighbor cells of
the black neighbor cell list.

In similar manner, referring to FIG. 8C, the eNB2 recog-
nizes TCI#1, TCI#3, TCI#8 and TCI#9 as neighbor cells of
the white neighbor cell list. It is noted that, in FIG. 8C, TCI#9
is not shown. The eNB2 also recognizes TCI#7 as a neighbor
cell of the black neighbor cell list.

When the eNB1 and eNB2 are notified by the O&M
(OMC) that the cell 3 is to be removed, TCI#3 is removed
from the respective white neighbor cell lists, as shown in
FIGS. 8B and 8D, while TCI#3 is added to each of the respec-
tive black neighbor cell lists.

At this time, TCI#3 may be added to an end of the black
neighbor cell list, in the cell number order (in an ascending
order or a descending order) or in the order of the quality as
informed from the terminal (in an ascending order or a
descending order). It may also be added in any other suitable
manner.

FIG. 9 depicts a neighbor cell list control sequence for the
neighbor cell list in case the radio base station eNB3 switches
the transmission on. The sequence in case of switching-on of
the transmission, shown in FIG. 9, is basically the reverse of
the sequence in case of switching-off of the transmission
shown in FIG. 5.

The eNB3 detects that a terminal engaged in communica-
tion with another radio base station exists within a range that
may be serviced by the own station, for example, within the
cell 3 of FIG. 1. The eNB3 also detects that received signal
strength of transmission signal from the corresponding ter-
minal is high and/or load on the neighboring base station is
high such that it is necessary or efficient for the eNB3 itselfto
switch the transmission on, that is, to make the cell 3 active
(see ‘Trigger for Tx-on’ of FIG. 9).

A radio base station in a Tx-off state (Sleep state) may be
triggered to be switched to a Tx-on state (Wakeup) further,

when a preset number or more of terminals that belong to a

set of terminals (CSG) which are allowed to be con-
nected to the radio base station, are in the area close to
the radio base station, or connected to one of neighbor-
ing base stations; or by

when a preset time is reached.
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The eNB3 requests the O&M (OMC) to switch the trans-
mission of its own cell (cell 3) on (see ‘Request for Tx-on’ in
FIG. 9). This request corresponds to the state control infor-
mation.

The O&M (OMC) indicates to the neighbor radio base
stations eNB1 and eNB2 to add the cell 3 into the neighbor
cell list, because the eNB3 switches on the transmission in the
cell 3, by way of providing the management information (see
‘Indication of addition of the cell 3 to neighbor cell list’” of
FIG. 9).

The eNB1 and eNB2 add the cell 3 to their own neighbor
cell lists (see ‘Neighbor cell list update’ of FIG. 9) and notify
the O&M (OMC) of'the completion of update of the neighbor
cell list (see ‘Completion of cell 3 addition to the neighbor
cell list’ of FIG. 9).

The O&M (OMC) notifies to the eNB3 that switching
transmission on in the cell 3 is allowed (see ‘Activation of
Tx-on’ of FIG. 9). The eNB3 switches transmission in its cell
(cell 3) on (see “Tx-on’ of FIG. 9).

After the update the neighbor cell lists, the eNB1 and eNB2
then broadcast or uni-cast to the terminals in their cells the
information needed by the terminals in the cells for updating
their neighbor cell lists. Examples of the information sent to
the terminals include update information of radio parameters.

By following the above operational sequence, it is possible
to prevent

increase of interference due to the neighboring base sta-

tions eNB1 and eNB2 leaving the setting of radio param-
eters intact without being informed of switch-on of
transmission in the cell 3 by the neighboring base station
eNB3. It is also possible to prevent

reporting in case a terminal in the cell of the neighboring

base station eNB1 or eNB2 has detected the eNB3 (re-
porting on detection of a neighbor cell).

It is noted that, in FIG. 9, the O&M (OMC) indicates the
neighboring base stations eNB1 and eNB2 of the update of
the neighbor cell lists (addition of the cell 3). In the present
exemplary embodiment, the O&M (OMC) may indicate not
only the update of the neighbor cell lists but also the update of
the other radio parameters simultaneously, as shown in FIG.
10 (see ‘Indication of addition of cell 3 to neighbor cell list
and updated other radio parameter information’ of FIG. 10).

At this time, the eNB1 and eNB2 notify the O&M (OMC)
of'the update ofthe neighbor cell lists (see ‘Completion of cell
3 addition to neighbor cell list’ of FIG. 10). The eNB1 and
eNB2 then update the radio parameters (see ‘Radio param-
eters update’ of FIG. 10).

The eNB1 and eNB2 notify the terminals in the cells of the
own stations of the update of the radio parameters as neces-
sary. It is noted that the eNB1 and eNB2 may update radio
parameters other than the neighbor cell lists after the update
of the neighbor cell lists, as shown in FIG. 10. Or, the eNB1
and eNB2 may update the radio parameters simultaneously or
before the update of the neighbor cell lists. Further, the O&M
(OMC) may indicate to the eNB1 and eNB2 that the radio
parameters are to be updated simultaneously, immediately
before or immediately after sending Tx-on allowance to the
eNB3. The eNB1 and eNB2 then update the radio parameters
accordingly.

FIGS. 11 and 12 illustrate update of the neighbor cell list.
FIGS. 11A and 11C show examples of neighbor cell lists
owned by the eNB1 and eNB2, respectively. As in FIGS.
7A-7D, each cell list includes index (Indices) and an identifier
of target cells (TCI) associated with the indices.

If, in the states of the neighbor cell lists of FIGS. 11A and
11C, the O&M (OMC) has indicated to the eNB1 and eNB2
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that the eNB3 will switch the transmission in the cell 3 on, the
eNB1 and eNB2 add TCI#3 to the neighbor cell list, as shown
in FIGS. 11B and 11D.

Like FIGS. 8A-8D, FIGS. 12A-12D shows a case where
each of the eNB1 and eNB2 owns a white neighbor cell list
(White Neighbor Cell List) to which a terminal is allowed to
access and a black neighbor cell list (Black Neighbor Cell
List) to which the terminal is not allowed to access.

It is now presupposed that, in the states of the white neigh-
bor cell list and the black neighbor cell list of FIGS. 12A,12C,
the O&M (OMC) has indicated to the eNB1 and eNB2 that
the eNB3 will switch transmission in the cell 3 on. In such
case, the eNB1 and eNB2 add TCI#3 to the white neighbor
cell list, while removing TCI#3 from the black neighbor cell
list, as shown in FIGS. 12B and 12D As already discussed
above, the locations of addition to the neighbor cell list may
be different from those shown in connection with the method
of FIGS. 11 and 12.

FIG. 13 depicts a block diagram showing the configuration
of an O&M (OMC) in first exemplary embodiment of the
present invention. FIG. 14 depicts a block diagram showing
the configuration of a radio base station eNB in the first
exemplary embodiment of the present invention.

InFIG. 13, an O&M (OMC) 10 includes a signal processor
101, a communication controller 102, a base station manage-
ment unit 103 that manages base stations under its control,
and an interface unit 104 for interfacing with a radio base
station eNB20.

InFIG. 14, the radio base station eNB20 includes a receiver
201 and a transmitter 202, connected to an antenna 206, a
signal processor 203, a communication control unit 204 and
an interface unit 205 for interfacing with the O&M (OMC)
10. It is noted however that the method of the radio base
station eNB3 switching the transmission off or on, shown in
the first exemplary embodiment, described above, is merely
illustrative, such that it is also possible to use a method that
uses other references or triggers.

FIG. 25 is a flowchart that has generalized the processing
by the O&M (OMC) in the sequences of FIGS. 5 and 6. The
processing sequence by the O&M (OMC) will now be
explained with reference to FIGS. 13, 5 and 25.

On receiving a transmission oft (Tx-off) request from the
eNBx, for example, eNB3 where x of eNBx is 3, via the
interface unit 104 and the signal processor 101 (step S11), the
communication controller of the O&M (OMC) 10 notifies the
request for transmission off (Tx-off) to the base station man-
agement unit 103.

The base station management unit 103 of the O&M (OMC)
10 checks if it will accept the request (request for Tx-ofY) (step
S12).

In case the base station management unit 103 of the O&M
(OMC) 10 does not accept the request for Tx-off from the
eNB3 (No branching of step S12), the base station manage-
ment unit sends a response for rejection via the communica-
tion controller 102, signal processor 101 and the interface unit
104 to the eNB3 (step S14).

In case the base station management unit 103 of the O&M
(OMC) 10 accepts the request for Tx-off from the eNB3 (Yes
branching of step S12), the base station management unit
determines whether or not, with Tx-off of the eNB3, update of
other radio parameters is needed in the neighboring base
stations eNB1 and eNB2 neighboring to the cell of the eNB3
(step S13).

In case the base station management unit 103 of the O&M
(OMC) decides that other radio parameters need to be
updated in the eNB1 and eNB2, the base station management
unit 103 transmits an indication that the neighbor cell list
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(NCL) is to be updated and the information on other radio
parameters via the communication controller 102, signal pro-
cessor 101 and the interface unit 104 to the eNB1 and eNB2
(step S15). It is noted that the indication to update the neigh-
bor cell list (NCL) may include just the indication or may
further include the contents of update.

In case it is determined at the base station management unit
103 of the O&M (OMC) that the update of the other radio
parameters is unneeded in the eNB1 and eNB2, an indication
to update the neighbor cell list (NCL) is sent via the commu-
nication controller 102, signal processor 101 and the interface
unit 104 to the eNB1 and eNB2 (step S16).

On receiving a completion of the update the neighbor cell
list (NCL) from the eNB1 and eNB2 via the interface unit
104, a signal processor 101 and the communication with
controller 102 (Yes branching at step S17), the base station
management unit 103 of the O&M (OMC) sends to the eNB3
an instruction to notify the execution of transmission off
(Tx-oft) of a cell managed by the eNB3 via the communica-
tion controller 102, signal processor 101 and the interface unit
104 (activation).

FIG. 26 depicts a flowchart showing a sequence for pro-
cessing the eNB3. Following describes the processing
sequence of the eNB3 with reference to FIG. 14, FIG. 5 and
FIG. 26. The communication control unit 204 of the eNB3
measures the number of active terminals (UEs) in the cell 3
(step S21).

In case the number of active terminals (UEs) satisfies a
condition for transmission off (Yes of step S22), the commu-
nication control unit 204 of the eNB3 sends a transmission off
(Tx-oft) request to the O&M (OMC) 10, via the signal pro-
cessor 203 and interface unit (step S23).

Onreceiving not the refusal (rejection) (No of the step S24)
but the notification for execution (activation) from the O&M
(OMC) 10 (Yes of the step S25), the communication control
unit 204 of the eNB3 controls the transmitter 202 to switch off
the transmission to the cell 3 managed by the eNB3 (step
S26). It is noted that the number of active terminals may be
measured at a preset time interval. The number of active
terminals may also be an average value over a preset time
length or of other suitable values.

FIG. 27 is a flowchart showing a processing sequence for
the eNB1 (2). Following describes the processing sequence
for the eNB1 (2) with reference to FIG. 14, FIG. 5 and FIG.
27.

On receiving an indication to update the neighbor cell list
(NCL) from the O&M (OMC) 10 via the interface unit 205
and the signal processor 203 (Yes of step S21), the commu-
nication control unit of the eNB1 (2) updates the stored inner
neighbor cell list (NCL) not shown (step S32). The eNB1 (2)
transmits the completion of update of the neighbor cell list via
the signal processor 203 and the interface unit 205 to the
O&M (OMC) 10 (step S33).

On receiving from the O&M (OMC) 10 the radio param-
eter information to be updated (Yes of step S34) via the
interface unit 205 and the signal processor 203, the commu-
nication control unit 204 of the eNB1 (2) updates the other
radio parameter information of the eNB1 (2) (step S33).

Modification of Exemplary Embodiment 1

FIGS. 15 and 16 illustrate a modification of the first exem-
plary embodiment of the present invention. FIG. 15 shows the
control sequence in case the O&M (OMC) controls the trans-
mission on/off of the radio base station eNB3.

Initially, the radio base stations eNB1, eNB2 and eNB3
report to the O&M (OMC) the traffic information such as the
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number of terminals within the own cells that are engaged in
communication or in the active states (see ‘Reporting’ of FIG.
15). In the present exemplary embodiment, this report (Re-
porting) corresponds to the state control information.

The O&M (OMC) decides switching off the transmission
in the cell 3 of the eNB3 in accordance with the information
reported from the radio base station (see ‘Decide Tx-off in
cell 3 ateNB3’ of FIG. 15). The O&M (OMC) indicates to the
eNB1 and eNB2 the removal of the cell 3 from the neighbor
cell list as the management information, while also indicating
to the eNB1 and eNB2 the update of the other radio param-
eters (see ‘Indication of removal of cell 3 from neighbor cell
list and updated other radio parameter information’ of FIG.
15).

After updating the neighbor cell list (see ‘neighbor cell list
update’ of FIG. 15), the eNB1 and eNB2 report to the O&M
(OMC) the completion of update of the neighbor cell list (see
‘Completion of cell 3 removal from neighbor cell list” of FIG.
15). The eNB1 and eNB2 also update other radio parameters
(‘see ‘Radio Parameter Update’ of FIG. 15).

The O&M (OMC) indicates to the eNB3 that transmission
in its cell (cell 3) is to be switched off (see ‘Activation of
Tx-off” of FIG. 15).

After receiving the indication, the eNB3 switches off the
transmission in the cell 3 (see ‘Tx-off” of FIG. 15).

Inthe present modification of first exemplary embodiment,
itis possible, by following the above procedure, to control the
radio parameters, such as neighbor cell list, more appropri-
ately even in case there is a radio base station that switches off
the transmission in its cell.

FIG. 16 shows a control sequence in case the eNB3 autono-
mously switches off the transmission in its cell (cell 3).

The eNB3 switches off the transmission in its cell (cell 3)
by some trigger (see ‘Tx-off” of FIG. 16), after which the
eNB3 reports to the O&M (OMC) that the transmission has
been switched off (see ‘Indication of Tx-off” of FIG. 16). It is
noted that the transmission off processing includes not only
the instantaneous transmission off processing but also step-
wise transmission off processing. In the latter case, the
reported transmission on/off time is a time point of initiation
of the initial stage of the stepwise processing or an interme-
diate stage in the course of transmission off processing.

The O&M (OMC) indicates to the eNB1 and eNB2 that the
cell 3 is to be removed from the neighbor cell list and that
other radio parameters will be updated (see ‘Indication of
removal of cell 3 from neighbor cell list and updated other
radio parameter information’ of FIG. 16).

The eNB1 and eNB2 update the neighbor cell list (‘neigh-
bor cell list update’ of FIG. 16) and notifies the O&M (OMC)
of the completion of update of the neighbor cell list (see
‘Completion of cell 3 removal from the neighbor cell list” of
FIG. 16). The eNB1 and eNB2 also update the other radio
parameters (see ‘Radio parameters update’ of FIG. 16).

Inthe present modification of first exemplary embodiment,
the radio parameters, such as neighbor cell list, may be con-
trolled more appropriately even in case there is a radio base
station that autonomously switches off the transmission in its
cell, provided that above mentioned procedure is used.

It is noted that, in case the eNB3 switches off transmission
at its cell (cell 3), the eNB3 may switch off transmission
immediately, or may decrease the transmission power only
step-by-step. In the latter case, the notification may be made
to the O&M (OMC) at a time point the transmission power
has started to be lowered. It is noted that the O&M (OMC)
may notify the eNB1 and eNB2 of the state control informa-
tion indicating that the eNB3 has been triggered in some way
to switch off the transmission in its cell (cell 3). In this case,
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the eNB1 and eNB2 has to determine whether or not the cell
3 is to be removed from the neighbor cell list.

The foregoing description has been made of the case of
switching off the transmission in the cell of the own station.
However, the same method may be used in case of switching
the transmission on a cell of the own station.

In the above described modification of first exemplary
embodiment, simply the cell 3 may be removed from or added
to the neighbor cell list by way of updating the neighbor cell

list, or both the white neighbor cell list and the black neighbor 10

cell list may be used.
Exemplary Embodiment 2

The following describes a second exemplary embodiment
of the present invention. In the second exemplary embodi-
ment of the present invention, the cases where the radio base
station eNB3 of FIG. 1 switches transmission off (Tx-off) and
on (Tx-on), in a cell managed by the radio base station eNB3
itself, as in the above described first exemplary embodiment,
will be considered.

FIGS. 17 to 20E illustrate exemplary embodiment 2 of the
present invention. In the second exemplary embodiment, in
case the radio base station eNB3 switches the transmission off
or on in the cell it manages (cell 3 of FIG. 1), the O&M
(OMCQ) indicates, using the management information, that an
attribute(s) for the cell 3 in the neighbor cell lists maintained
by the eNB1 and eNB2 is to be changed.

FIG. 17 shows a control sequence for the neighbor cell list
in case the radio base station eNB3 is to switch off the trans-
mission.

The eNB3 detects that, since there is no terminal engaged
in communication or in an active state in its own cell (cell 3),
and/or a neighboring base station is able to cover the area for
the own cell (cell 3) even in case transmission in the own cell
(cell 3) is switched off, the transmission in the cell 3 may be
switched off (see “Trigger for Tx-off” of FIG. 17).

The eNB3 thus requests the O&M (OMC) to switch off the
transmission in the own cell (cell 3) (see ‘Request for Tx-off®
of FIG. 17). It is noted that this request to switch off the
transmission corresponds to the state control information.

The O&M (OMC) indicates to the radio base stations
eNB1 and eNB2 that the attribute(s) for the corresponding
cell (cell 3) in the neighbor cell lists maintained by the eNB1
and eNB2 are to be changed (see ‘Indication of updated
neighbor cell list information” of FIG. 17).

The eNB1 and eNB2 update the neighbor cell lists (see
‘Neighbor cell list update’ of FIG. 17) and report to the O&M
(OMC) the completion of update of the neighbor cell lists (see
‘Completion of neighbor cell list update’ of FIG. 17).

The O&M (OMC) notifies to the eNB3 that the transmis-
sion in the own cell (cell 3) is to be switched off (see ‘Acti-
vation of Tx-off” of FIG. 17).

The eNB3 switches off the transmission in the own cell
(cell 3) in accordance with the notification (see ‘Tx-off” of
FIG. 17).

In the present exemplary embodiment, in which the trans-
mission in a given radio base station is switched off with the
use of the above mentioned procedure, the neighbor cell list in
the neighboring base stations may be managed efficiently and
appropriately.

In the present exemplary embodiment, the O&M (OMC)
may indicates the update of the neighbor cell list as well as the
other radio parameter(s) as shown in FIG. 18 by way of the
management information (see ‘Indication of updated neigh-
bor cell list information and updated other radio parameter
information’ of FIG. 18).
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In this case, the eNB1 and eNB2
update the neighbor cell list (see ‘Neighbor cell list update’
of FIG. 18);
report neighbor cell list update to the O&M (OMC) (see
‘Completion of neighbor cell list update’ of FIG. 18);
and
update other radio parameters (see ‘Radio parameters
update’ of FIG. 18).

In the present exemplary embodiment, in which transmis-
sion in a given radio base station is switched off with the use
of'the above mentioned procedure, management of the neigh-
bor cell list and configuration of the other radio parameters
may be achieved efficiently and appropriately. It is noted that,
in the present exemplary embodiment, update of the radio
parameters other than the neighbor cell lists of the eNB1 and
eNB2 may be performed after update of the neighbor cell list
as in FIG. 18, simultaneously with or before update of the
neighbor cell list. In this case, the neighbor cell list is corre-
sponds to a neighbor relation table (NRT). In addition, noti-
fication of update of the other radio parameters to the eNB1
and eNB2 may be sent to the eNB1 and eNB2, before, simul-
taneously with, or after the O&M (OMC) sends the notifica-
tion of execution of Tx-off to the eNB3.

FIGS. 19A-19E, and FIGS. 20A-20E illustrate the update
of'the neighbor cell list in the exemplary embodiment 2 of the
present invention. FIGS. 19A to 19D show example neighbor
cell lists owned by the eNB1 and eNB2. Each neighbor cell
list includes an index, identifier of target cell, associated with
the index (Target Cell ID or TCI), and attribute for the target
cell, such as “No Remove” (removal not possible), “No HO”
(handover not possible) or “No X2” (No X2). It is noted that,
in FIG. 19E, the attribute “No Remove” in each of CI#2 and
TCI#3 is checked.

It is also noted that HO stands for Handover and X2 stands
for an interface between base stations in LTE.

The above neighbor cell list is also referred to as a neighbor
relation table (NRT).

The NRT, which is a neighbor cell list including an index,
an identifier (TCI) of a target cell associated with the index
and an attribute(s) for each of the target cells, as one entry, is
used as part of an ANR (Automatic Neighbor Relation) Func-
tion in LTE, as later explained.

In the neighbor relation table (NRT), if a check (check
mark) is set in “No Remove”, the radio base station never
removes the cell from the neighbor cell list (remove inhib-
ited).

If a check is set in “No HO”, the radio base stations eNB1,
eNB2 never use the cell as a target of handover (use inhib-
ited).

If a check is set in “No X2, X2 is not used (must not be
used) to perform a certain procedure on a radio base station
that manages the cell.

In the exemplary embodiment of FIG. 19A, the eB1 rec-
ognizes TCI#2, #3 and #4 as neighbor cells, and the attribute
“No Remove” is given to each of these TCIs.

On the other hand, referring to FIG. 19C, the eNB2 recog-
nizes TCI#1, #3 and #8 as neighbor cells, and the attribute
“No Remove” is given to each of these TClIs. In addition, the
attribute “No HO” is also given to the TCI#8.

In case the O&M (OMC) has notified to the eNB1 and
eNB2 that, since the eNB3 switches off the transmission at its
cell (cell 3), the attribute for the TCI#3 is changed, the eNB1
and eNB2 accordingly update the neighbor cell list, as shown
in FIGS. 19B and 19D.
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In the present exemplary embodiment, the eNB1 and eNB2
update the neighbor cell list by setting a check in the attributes
“No HO” and “No X2” for the TCI#3, as shown in FIGS. 19B
and 19D.

It is noted that the O&M (OMC) may send to the eNB1 and
eNB2 the same indication to update the neighbor cell lists, or
some other different indication.

The same may apply for a case, not shown, where a change
of the attribute for TCI#3 is notified to the eNB1 and eNB2
because the eNB3 switches the transmission in the own cell
(cell 3) on.

For example, the “No HO” and “No X2 may be unchecked
(check mark is removed) to update the neighbor cell lists.

FIGS. 20A-20E show another example neighbor cell list in
the second exemplary embodiment of the present invention.
In the examples of FIGS. 20A-20E, “No Tx” is added as new
attribute to the neighbor cell lists of FIGS. 19A-19E. In case
the attribute “No Tx” in the neighbor cell list is checked, the
radio base stations keep on recognizing the corresponding
cell as aneighbor cell, however, the radio base station behaves
as it regards the cell to be not engaged in transmission, that is,
to be not servicing. FIG. 20F indicates that a check is set in the
attribute “No Remove” for each of the TCI#2 and #3.

It is assumed that the O&M (OMC) has notified to the
eNB1 and eNB2 that, since the eNB3 switches the transmis-
sion in its own cell (cell 3) off; the attribute for the TCI#3 is to
be changed from the state of FIGS. 20A and 20C. In this case,
the eNB1 and eNB2 newly check “No HO”, “No X2” and “No
Tx”, out of the attributes for the TCI#3, as shown in FIGS.
20B and 20D.

In the example shown in FIGS. 20A-20E, a check is set in
“No X2, and also in “No HO” and “No X2”. It is however
also possible to check just “No Tx” without checking “No
HO” and “No X2”, in which case the same constraint as that
when both “No HO” and “No X2” are checked may be
thought to be imposed.

The same may apply for a case where the eNB3 is informed
that the attribute for the TCI#3 is to be changed because the
eNB3 switches the transmission in its cell (cell 3) on. For
example, the “No HO”, “No X2” and “No Tx” for the TCI#3
may be unchecked to update the neighbor cell list.

The attribute “Tx-off” may be replaced by another attribute
indicating that a radio base station is to switch (or has
switched) transmission in its own cell off.

For example, such attributes as “Tx-off”, “Tx stopped”,
“Sleep”, “Non-active”, “Inactive”, “No-Service” (Servicing
not possible) or “Out-of-service”, may be used. The attribute
may not be an attribute representing a state after completion,
but may also be an attribute representing a transient state,
such as “Power Down” (power supply off) or “Power up”
(power supply on).

On the other hand, the attributes indicating that a radio base
station has switched the transmission in its cell on, such as
“Tx-on” (transmission on), “Awake” (awake), “Wake up”
(wake up) or “Active” (active), may be provided in the neigh-
bor relation table (NRT). In this case, the neighbor cell list is
managed so that a check is set in the attribute when the
transmission is on. It is noted that processing by FIG. 25
corresponds to the processing by the O&M (OMC) in the
sequence diagram of FIGS. 17 and 18, with the neighbor
relation table corresponding to the neighbor cell list of FIG.
25. In similar manner, the processing of FIG. 26 corresponds
to the processing by the eNB3, while the processing of FIG.
27 corresponds to the processing by that by the eNB1 (2),
respectively.
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<Outline Configuration of the Second Radio Communication
System>

FIG. 21 is a diagram schematically illustrating an example
of'the configuration of a radio communication system accord-
ing to another exemplary embodiment of the present inven-
tion. This radio communication system 2 includes radio base
stations eNB1, eNB2 and eNB3 and a main radio base station
(master eNB) eNBO0 which is a control station that manages
neighboring base stations. It is presupposed that the radio
base stations eNB1, eNB2 and eNB3 supervise the cells cell
0, cell 1 and cell 2, respectively. It is noted that the main radio
base station (master eNB) is such a device that implements
part of the functions of the above mentioned O&M (OMC).

The configuration of the main radio base station (master
eNB), shown for example in FIG. 22, includes a receiver 201,
a transmitter 202, a signal processor 203, a communication
control unit 204 and a status management unit 207. It is the
status management unit 207 that supervises the neighboring
base stations.

Exemplary Embodiment 3

FIGS. 23 and 24 are diagrams illustrating a third exemplary
embodiment of the present invention. In the present exem-
plary embodiment, such a case in which the radio base station
eNB3 of FIG. 21 switches the transmission in the cell man-
aged by it (cell 3) on (Tx-on) and off (Tx-off) will be consid-
ered.

In the present exemplary embodiment, when the transmis-
sion in the cell managed by the radio base station eNB3 (cell
3 of FIG. 1) is to be switched off, the main radio base station
(master eNB) eNB0 indicates to the neighboring base stations
eNB1 and eNB2 that the corresponding cell (cell 3) is to be
removed from the neighbor cell list via base station—base
station interface x2. At the same time, the corresponding cell
(cell 3) is removed from the neighbor cell list maintained by
the main radio base station. If the transmission in the cell
managed by the radio base station eNB3 (cell 3 of FIG. 1) is
to be switched on, the main radio base station (master eNB)
eNBO indicates to the neighboring base stations eNB1 and
eNB2 that the corresponding cell (cell 3) is to be added to the
neighbor cell list via base station—base station interface x2.
At the same time, the corresponding cell (cell 3) is added to
the neighbor cell list owned by the main radio base station.

FIG. 23 is a diagram showing the control sequence for the
neighbor cell list in case the radio base station eNB3 switches
transmission off.

The eNB3 detects that, from the fact that

there is no terminal engaged in communication in the own

cell (cell 3),
there is no terminal in an active state, and/or
an area of the own cell (cell 3) may be covered by the
neighboring base stations even if the transmission in the
own cell (cell 3) is switched off,
the situation is such as allows transmission off (see
‘Trigger for Tx-oft” of FIG. 23). The eNB3 thus
requests the main radio base station eNB0 to switch
transmission in the own cell (cell 3) off (see ‘trans-
mission on/off request’ of FIG. 23).

The eNBO indicates to the neighboring base stations eNB1
and eNB2 that the cell 3 is to be removed from the neighbor
cell list (see ‘Indication of removal of cell 3 from neighbor
cell list’ of FIG. 23). At the same time, the eNB0 removes the
cell 3 from its neighbor cell list (see ‘neighbor cell list update’
of FIG. 23).

The eNB1 and eNB2 remove the cell 3 from their neighbor
cell lists (see ‘neighbor cell list update’ of FIG. 23) and
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reports to the main radio base station eNB0 that the update of
the neighbor cell lists has been completed (see ‘Completion
of cell 3 removal from neighbor cell list” of FIG. 23).

The eNBO notifies to the eNB3 that transmission in its cell
(cell 3) may be switched off (see ‘Activation of Tx-off” of
FIG. 23). The eNB3 accordingly switches transmission in the
cell 3 off (see “Tx-off” of FIG. 23).

In case the eNB3 switches transmission in its own cell (cell
3) on, the neighbor cell list may be managed appropriately in
the same manner. The operational sequence is shown in FIG.
24.

The eNB3 detects that, since there is a terminal engaged in
communication with another radio base station within arange
in which the eNB3 itself is able to provide services, such as
within the cell 3, and the received signal strength of the
transmission signal of the terminal is high such that it is
necessary or efficient that the eNB3 itself switches transmis-
sion on to make the cell 3 active (see “Trigger for Tx-on’ of
FIG. 24).

The eNB3 thus requests the main radio base station eNB0
that the eNB3 switches transmission of the own cell (cell 3)
on (see ‘Request for Tx-on’ of FIG. 24).

The main radio base station eNBO indicates to the neigh-
boring base stations eNB1 and eNB2 that the cell 3 will be
added to the neighbor cell lists (see ‘Indication of addition of
cell 3 to the neighbor cell list’ of FIG. 24). The main radio
base station also adds the cell 3 to its own neighbor cell list
(see ‘neighbor cell list update’ of FIG. 24).

The eNB1 and eNB2 add the cell 3 to their neighbor cell
lists (see ‘neighbor cell list update’ of FIG. 24) and report to
the main radio base station eNBO that the update of the neigh-
bor cell list has been completed (see ‘Completion of cell 3
addition to neighbor cell list’ of FIG. 24).

The main radio base station eNB0 notifies to the eNB3 that
the eNB3 may switch transmission in the cell 3 on (see ‘Acti-
vation of Tx-on’ of FIG. 24). The eNB3 accordingly switches
transmission in the cell 3 on (see “Tx-on’ of FIG. 24).

With the present exemplary embodiment, the neighbor cell
list may be managed efficiently and appropriately evenin case
there is a radio base station in a neighborhood area whose
transmission is turned off or on, provided that the above
mentioned operational sequence is used. In the present exem-
plary embodiment, when the eNB3 switches the transmission
in the own cell (cell 3) off, the main radio base station eNB0
may leave the cell 3 intact, that is, in a state not removed from
the neighbor cell list owned by the main radio base station
eNBO itself. Or, the main radio base station eNB0 may leave
the cell 3 in a state not removed from its neighbor cell list and
give some or other information, for example, the information
that the cell 3 has switched transmission off only temporarily
and prepares for the case of re-switching on of transmission.

In the above described exemplary embodiment, the case of
the radio base station switching transmission in the own cell
off or on (the case of switching transmission at a specific
frequency on or off, and the case of transmission of the radio
base station in its entirety on or off), is taken up as an instance
of'wakeup/sleep. However, of course, the present invention is
not limited to these cases. For example, the present invention
may be applied to the case of new installation or removal of a
radio base station or to a case of relocating a radio base station
to other site. The sleep of a radio base station may be defined
as cessation (switch-off) of just the transmission of a radio
unit, cessation (switch-off) of both transmission and recep-
tion, or power off.
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The present invention may be applied not only to 3GPP
LTE, but also to such radio communication system as

3GPP WCDMA (Wideband Code Division Multiple

Access),
GSM (Global System for Mobile communications), or
WIiMAX (Worldwide interoperability for Microwave
Access). It is noted that, in 3GPP WCDMA, there are
cases where the O&M function is provided in the RNC
(Radio Network Controller) connected to the radio base
station.

The following describes the ANR (Automatic Neighbor
Relation Function) in connection with the Non-Patent Docu-
ment 2 by way of supplementing the description of the present
invention (see Non-Patent Document 2). An objective of the
ANR is to relieve an operator of the labor of manually man-
aging the NR (Neighbor Relations).

FIG. 30 shows the ANR and its environment. FIG. 30 is a
citation from FIG. 22.3.2a-1 of Non-Patent Document 2 (In-
teraction between eNB and O&M due to ANR).

The ANR function is implemented in a radio base station
eNB to supervise the NRT (Neighbor Relations Table). On
detecting a new neighbor cell, a neighbor detection function
(Neighbor Detection Function) in the ANR adds the newly
detected neighbor cell to the NRT. The neighbor removal
function (Neighbor Removal Function) removes outdated
NRs, for example, from the NRT.

The neighbor detection function (Neighbor Detection
Function) and the neighbor removal function (Neighbor
Removal Function) are implementation specific.

A neighbor cell relation (NR) in the context of ANR is
defined as follows:

An existing Neighbor Relation from a source cell means that
an eNB controlling a source cell:

a) knows ECGI/CGI and PCI of a target cell;

b) has an entry in the NRT (Neighbor Relations Table) for a
source cell identifying a target cell; and

¢) has an attributes in the NRT defined by O&M or set to a
default value.

For each cell that an eNB has, the eNB keeps a NRT (see
FIG. 30). For each NR, the NRT contains a Target Cell Iden-
tifier (TCI), which identifies a target cell. For UTRAN, the
TCI corresponds to the E-UTRAN Cell Global Identifier
(ECGI) and Physical Cell Identifier (PCI) of the target cell.
Furthermore, each NR has four attributes, namely No
Remove, No HO, NoX2 and No Tx.

Of these, when a check is set in No Remove, the eNB does
not remove NCL (Neighbor cell Relation) from the NRT.

When a check is set in No HO, the Neighbor Cell Relation
is not used by the eNB for handover.

When a check is set in NoX2, the Neighbor Relation does
not use X2 in order to initiate a procedure towards the eNB
parenting the target cell.

When a check is set in No Tx, the NR (Neighbor Relation)
is not used by the eNB for measurement.

The NR (Neighbor cell Relation) is a cell-to-cell relation,
while X2 is set between two eNBs. The NR is unidirectional,
while X2 is bidirectional.

With ANR, the O&M is able to manage NRT. The O&M is
able to add/remove NR and to change NRT’s attributes. The
O&M is informed of changes in NRT.

The following describe the on/off of a EUTRAN cell,
implemented by the present invention.

An eNB is able to switch off transmission in its own cell
(Tx-oft) if such transmission is unnecessary. An eNB is able
to switch transmission in its own cell on (Tx-on) if such
transmission is necessary.
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A decision on whether or not an eNB performs Tx-on/off,
that is, a decision on Tx-on/off, is implementation specific.
However, in this case, the O&M is able to manage NRT to
avoid undesirable states from occurring. For example, there
may be inconveniences such as call disconnection by a UE in
a cell where transmission is switched off (Tx-off) by an eNB
or increased interference in a cell neighboring to the cell
where transmission is switched on (Tx-on) by an eNB.

Tx-on/off by an eNB in its own cell may be made by the
following sequence:

1. When triggered to make Tx-on/off, an eNB requests the
O&M to allow the eNB to make Tx-on/off.

2. The O&M changes the attributes of neighbor eNBs in the
NRT. For example, the No Tx attribute is additionally
checked or unchecked by the O&M for a relevant cell. The
radio parameter information to be updated in the neighboring
eNB may also be transmitted by the O&M.

3. The neighboring eNB updates its own NRT, while updating
the radio parameters based on an instruction from the O&M.
4. The O&M sends activation for Tx-on (off) to a relevant
eNB to allow the eNB to make Tx-on (off).

In Non-Patent Document 3, ‘4.2.2.1 Input data, definition
of Measurements of Performance Data’, input data:

the number of active UEs in a cell is exchanged between the

O&M and the NB.

Other measurements, including eNB measurement, are
matters for FFS (For Further Study).

Output parameters of the SON (Self Organizing Network)
function may include the following information:

information on self-recovery of switching off unneeded

cells from the perspective of management, such as sys-

tem capacity or coverage (self-healing); and
information on self-organization of neighbor cell relation

concerning switch on/off of a cell (self-optimization).

Measurements with Non-Patent Document 3, ‘4.2.2.1
Input data, definition of Measurements of Performance Data’
are reported to a center SON entity. It is FFS whether or not
the SON entity is to be centered upon a center.

The disclosures of the aforementioned Patent Documents
and Non-Patent Documents are incorporated by reference
herein. The particular exemplary embodiments or examples
may be modified or adjusted within the gamut of the entire
disclosure of the present invention, inclusive of forms, based
on the fundamental technical concept of the invention. Fur-
ther, a variety of combinations or selection of elements dis-
closed herein may be made within the framework of the
forms. That is, the present invention may cover a wide variety
of'modifications or corrections that may occur to those skilled
in the art in accordance with the entire disclosure of the
present invention, inclusive of form and the technical concept
of the present invention.

The whole or part of the exemplary embodiments disclosed
above can be described as, but not limited to, the following
Supplementary notes.

(Supplementary Note 1)

A radio communication system comprising:

a plurality of radio base stations; and

a control station connected to said radio base stations;

wherein,

on occurrence of a trigger for execution of state control of

a first one of said radio base stations in said first one of
said radio base stations, said first radio base station
notifies state control information including information
regarding said state control to at least one out of said
control station and other radio base stations than said
first radio base station before or at a time of start of said
state control or in an execution step of said state control.

10

15

20

25

30

35

40

45

55

65

24

(Supplementary Note 2)

The radio communication system according to Supple-
mentary note 1, wherein said control station sends one or both
of state control information regarding said first radio base
station and management information regarding a radio
parameter to be updated in accordance with said state control
of said first radio base station to at least a second one of said
radio base stations that manages a cell neighboring to a cell of
said first radio base station.

(Supplementary Note 3)

A radio communication system comprising:

a plurality of radio base stations; and

a control station connected to and managing said radio base
stations, wherein a first one of said radio base stations
notifies state control information including information
regarding said state control to at least one out of said
control station and other radio base stations than said
first radio base station before or at a time of start of said
state control or in an execution step of said state control,
and

said control station notifies at least one of management
information regarding a radio parameter to be updated in
accordance with said state control and said state control
information to at least a second one of said radio base
stations that are connected to said control station, said
second one of said radio base stations managing at least
acell neighboring to a cell of said first radio base station.

(Supplementary Note 4)

The radio communication system according to any one of
Supplementary notes 1 to 3, wherein said control station
includes an upper order station managing said radio base
stations or a main radio base station performing centralized
control on said radio base stations.

(Supplementary Note 5)

The radio communication system according to any one of
Supplementary notes 1 to 4, wherein said state control is one
out of

new installation, removal or relocation of a radio base
station;

transmission on/off at a specified frequency managed by
said first radio base station; and

wakeup/sleep of said first radio base station.
(Supplementary Note 6)

The radio communication system according to Supple-
mentary note 5, wherein said transmission on/off is executed
by controlling the transmission power in a stepwise manner.
(Supplementary Note 7)

The radio communication system according to any one of
Supplementary notes 1 to 6, wherein said state control infor-
mation includes at least one out of

a result of said state control;

a advanced notice of said state control;

a request for said state control;

details of said state control; and

information that is a reference of decision as to whether or
not said state control is to be exercised.

(Supplementary Note 8)

The radio communication system according to Supple-
mentary note 2 or 3, wherein said management information
includes at least one out of

a configuration value of a radio parameter;

a difference between a configuration value of a radio
parameter and a value of the radio parameter before
update; and

control information regarding a radio parameter.
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(Supplementary Note 9)

The radio communication system according to Supple-
mentary note 8, wherein said radio parameter includes at least
one out of

a neighbor cell list;

transmission power;

an antenna tilt angle;

a handover parameter; and

a cell reselection parameter.

(Supplementary Note 10)

The radio communication system according to Supple-
mentary note 9, wherein said second radio base station con-
trols a value of said transmission power and/or said antenna
tilt angle stepwise.

(Supplementary Note 11)

The radio communication system according to Supple-
mentary note 9, wherein said control information regarding
said neighbor cell list is one out of

addition to a neighbor cell list of a cell of a radio base

station performing said state control;

removal from a neighbor cell list; and

change of an attribute for a cell managed by a radio base

station performing said state control.
(Supplementary Note 12)

The radio communication system according to Supple-
mentary note 11, wherein said attribute in said neighbor cell
list includes at least one out of

there being access restriction present (Black list);

there being no access restriction present (White list):

removal from said neighbor cell list not being possible (No

Remove);

handover not being possible (No Handover);

there being no connection between radio base stations;

there being no information exchange between radio base

stations (No X2);

transmission off (Tx-off or No Tx); and

sleep (Sleep).

(Supplementary Note 13)

The radio communication system according to any one of
Supplementary notes 2, 3 and 8 to 12, wherein said second
radio base station updates said radio parameter in accordance
with said management information to notify said update to a
radio terminal in an own cell.

(Supplementary Note 14)

The radio communication system according to any one of
Supplementary notes 2, 3 and 8 to 13, wherein said first radio
base station notifies the above mentioned state control infor-
mation to said control station before performing said state
control, and

said control station notifies said state control execution

information to said first radio base station after notitying
said management information at least to said second
radio base station.

(Supplementary Note 15)

The radio communication system according to Supple-
mentary note 14, wherein said state control execution infor-
mation includes at least one out of

an instruction for executing or completing said state con-

trol; and

a value of a parameter used for said state control.
(Supplementary Note 16)

A method for radio communication, wherein

on occurrence of a trigger for execution of state control of

a first one of said radio base stations in a first radio base
station;

said first radio base station notifies state control informa-

tion including information regarding said state control to
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at least one out of a control station and other radio base
stations than said first radio base station before or at a
time of start of said state control or in an execution step
of said state control.

(Supplementary Note 17)

The method for radio communication according to Supple-
mentary note 16, wherein said control station sends one or
both of the state control information regarding said first radio
base station and

the management information regarding a radio parameter

to be updated in accordance with said state control of
said first radio base station
to at least a second radio base station that manages a cell
neighboring to a cell of said first radio base station.
(Supplementary Note 18)

A method for radio communication, wherein

said first radio base station notifies the state control infor-
mation, which is the information regarding said state
control, to at least one out of said control station and
other radio base stations than said first radio base station,
before or at a time of start of said state control of said first
radio base station or in an execution step of said state
control;

said control station notifying at least one out of the man-

agement information regarding the radio parameters to
be updated inaccordance with said state control and said
state control information to at least a second one of said
radio base stations connected to said control station; said
second one of said radio base stations managing at least
the cell neighboring to the cell of said first radio base
station.
(Supplementary Note 19)

The method for radio communication according to any one
of Supplementary notes 16 to 18, wherein said control station
includes an upper order station managing said radio base
stations or a central radio base station performing centralized
control of said radio base stations.

(Supplementary Note 20)

The method for radio communication system according to
any one of Supplementary notes 16 to 18, wherein said state
control includes one out of

new installation or removal of a radio base station or relo-

cating the radio base station to other site;

transmission on/off at a specified frequency managed by

said first radio base station; and

wakeup/sleep of said first radio base station.
(Supplementary Note 21)

The method for radio communication according to Supple-
mentary note 20, wherein said transmission on/off is per-
formed by controlling the transmission power in a stepwise
manner.

(Supplementary Note 22)

The method for radio communication according to any one
of Supplementary notes 16 to 21, wherein said state control
information includes at least one out of

the result of said state control;

the forecast of said state control;

a request for said state control;

details of said state control; and

the information that may be a reference of decision as to

whether or not said state control is to be exercised.
(Supplementary Note 23)

The method for radio communication according to Supple-
mentary note 17 or 18, wherein said management information
includes at least one out of
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a configuration value of the radio parameter;

a difference between said configuration value of the radio
parameter and a pre-update value of said configuration
value of the radio parameter; and

the control information regarding the radio parameter.
(Supplementary Note 24)

The method for radio communication system according to
Supplementary note 23, wherein said radio parameter
includes at least one out of

a neighbor cell list;

transmission power;

an antenna tilt angle;

a handover parameter; and

a cell reselection parameter.

(Supplementary Note 25)

The method for radio communication according to Supple-
mentary note 24, wherein the second radio base station con-
trols the value of said transmission power and/or said antenna
tilt angle stepwise.

(Supplementary Note 26)

The radio communication system according to Supple-
mentary note 24, wherein the information regarding said
neighbor cell list is one out of

addition to the neighbor cell list of a cell of the radio base
station performing said state control;

removal of said cell from said neighbor cell list; and

change of an attribute for a cell managed by the radio base
station performing said state control.

(Supplementary Note 27)

The method for radio communication according to Supple-
mentary note 26, wherein said attribute in said neighbor cell
list includes at least one out of

there being access restriction (Black list);

there being no access restriction (White list):

removal from said neighbor cell list not being possible (No
Remove);

handover not being possible (No Handover);

there being no connection between radio base stations;

there being no information exchange between radio base
stations (No X2);

transmission off (Tx-off or No Tx); and

sleep (Sleep).

(Supplementary Note 28)

The method for radio communication according to any one
of Supplementary notes 23 to 27, wherein said second radio
base station updates said radio parameter in accordance with
said management information to notify said update to a radio
terminal in an own cell.

(Supplementary Note 29)

The method for radio communication according to any one
of Supplementary notes 18 to 28, wherein said first radio base
station notifies the above mentioned state control information
to said control station before performing said state control;

said control station notifying the state control execution
information to said first radio base station after notitying
said management information to other radio base sta-
tions than said first radio base station.

(Supplementary Note 30)

The method for radio communication according to Supple-
mentary note 29, wherein said state control execution infor-
mation includes at least one out of

an instruction for executing or completing said state con-
trol; and

a value of a parameter used for said state control.
(Supplementary Note 31)

A radio base station comprising means for notifying, on
occurrence of a trigger to prompt said state control of a radio
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base station, the state control information, which is the infor-
mation regarding said state control, to at least one out of a
control station and other radio base stations than said radio
base station, before or at a time of start of said state control or
in an execution step of said state control.

(Supplementary Note 32)

Theradio base station according to Supplementary note 31,
wherein the radio base station receives at least one out of the
management information regarding radio parameters updated
in accordance with said state control and said state control
information from said control station.

(Supplementary Note 33)

Theradio base station according to Supplementary note 32,
wherein said state control is one out of

new installation or removal of a radio base station or relo-
cating the radio base station to other site;

transmission on/off at a specified frequency managed by
said radio base station; and

wakeup/sleep of said radio base station.

(Supplementary Note 34)

Theradio base station according to Supplementary note 33,
wherein, said transmission on/off is by controlling the trans-
mission power in a stepwise manner.

(Supplementary Note 35)

Theradio base station according to Supplementary note 32,
wherein said management information includes at least one
out of

a configuration value of the radio parameter;

a difference between said configuration value of the radio
parameter and a pre-update value of said configuration
value of the radio parameter; and

the control information regarding the radio parameter; and
wherein,

said radio parameter includes at least one out of

a neighbor cell list;

transmission power;

an antenna tilt angle;

a handover parameter; and

a cell reselection parameter.

(Supplementary Note 36)

Theradio base station according to Supplementary note 35,
wherein the value of said transmission power and/or said
antenna tilt angle is controlled stepwise.

(Supplementary Note 37)

Theradio base station according to Supplementary note 35,
wherein the information regarding said neighbor cell list is
one out of

addition to the neighbor cell list of a cell of the radio base
station performing said state control;

removal of said cell from said neighbor cell list; and

change of an attribute for a cell managed by the radio base
station performing said state control.

(Supplementary Note 38)

Theradio base station according to Supplementary note 37,
wherein the attribute in said neighbor cell list includes at least
one out of

there being access restriction (Black list);

there being no access restriction (White list):

removal from said neighbor cell list not being possible (No
Remove);

handover not being possible (No Handover);

there being no connection between radio base stations;

there being no information exchange between radio base
stations (No X2);

transmission off (Tx-off or No Tx); and

sleep (Sleep).
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(Supplementary Note 39)

The radio base station according to any one of Supplemen-
tary notes 32 to 38, wherein other radio base stations than said
radio base station performing said state control update said
radio parameters in accordance with said management infor-
mation to notify said update to radio terminals within own
cells.

(Supplementary Note 40)

The radio base station according to any one of Supplemen-
tary notes 31 to 39, further comprising

means for notifying said state control information to said
control station before performing said state control;

said control station notifying, after notitying said manage-
ment information to radio base stations other than said
radio base station that notified said state control infor-
mation, said state control execution information to said
radio base station that notified said state control infor-
mation;

said notifying means receiving the state control execution
information from said control station.

(Supplementary Note 41)

A control station that receives from a first radio base station
a notification of the state control information which is the
information regarding state control,

said control station sending one or both of the state control
information regarding said first radio base station and
the management information regarding a radio param-
eter to be updated in accordance with said state control
of said first radio base station, to at least a second radio
base station managing a cell neighboring to a cell of said
first radio base station.

(Supplementary Note 42)

The radio base station according to Supplementary note 41,
wherein said state control is one out of

new installation or removal of a radio base station or relo-
cating the radio base station to other site;

transmission on/off at a specified frequency managed by
said first radio base station; and

wakeup/sleep of said first radio base station.
(Supplementary Note 43)

The control station according to Supplementary note 41 or
42, wherein said management information includes at least
one out of

a configuration value of the radio parameter;

a difference between said configuration value of the radio
parameter and a pre-update value of said configuration
value of the radio parameter; and

the control information regarding the radio parameter; and
wherein said radio parameter includes at least one out of

a neighbor cell list;

transmission power;

an antenna tilt angle;

a handover parameter; and

a cell reselection parameter.

(Supplementary Note 44)

The control station according to Supplementary note 43,
wherein the control information regarding said neighbor cell
list is one out of

addition to the neighbor cell list of a cell of the radio base
station performing said state control;

removal of said cell from said neighbor cell list; and

change of an attribute for a cell managed by the radio base
station performing said state control.

(Supplementary Note 45)

The control station according to Supplementary note 44,
wherein said attribute in said neighbor cell list includes at
least one out of
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there being access restriction (Black list);

there being no access restriction (White list):

removal from said neighbor cell list not being possible (No

Remove);

handover not being possible (No Handover);

there being no connection between radio base stations;

there being no information exchange between radio base

stations (No X2);

transmission off (Tx-off or No Tx); and

sleep (Sleep).

(Supplementary Note 46)

A program causing a computer, composing said radio base
station, to execute the processing of notifying, on occurrence
of a trigger to prompt state control of said radio base station,
the state control information to a control station before orat a
time of start of said state control or in an execution step of said
state control; said status information being the information
regarding said state control.

(Supplementary Note 47)

The program according to Supplementary note 46, said
program allowing said computer to execute the processing of
receiving, from said control station, at least one out of the
management information regarding radio parameters updated
in accordance with said state control and said state control
information.

(Supplementary Note 48)

A program causing a computer composing a control station
to execute the processing of receiving from a first radio base
station a notification of the state control information which is
the information regarding state control;

and the processing of sending one or both of the state

control information regarding said first radio base sta-
tion and the management information regarding a radio
parameter to be updated in accordance with said state
control of said first radio base station, to at least a second
radio base station managing a cell neighboring to a cell
of said first radio base station.

(Supplementary Note 49)

A method for radio communication in which a given radio
base station (eNB) requests a control station (O&M) to switch
transmission in a cell managed by the own station off or on in
case of occurrence of a preset trigger to prompt transmission
on or off in said cell; and in which

said control station (O&M) on receiving said request

changing an attribute in a neighbor relation table (NRT)

regarding a neighbor radio base station (neighboring

eNB) of said given radio base station (eNB).
(Supplementary Note 50)

The method for radio communication according to Supple-
mentary note 49, wherein said control station (O&M) addi-
tionally checks or unchecks an attribute of no transmission
(No Tx) regarding said cell.

(Supplementary Note 51)

The method for radio communication according to Supple-
mentary note 49 or 50, wherein said control station (O&M)
sends to said neighbor radio base station (neighboring eNB)
the radio parameter information to be updated by said neigh-
bor radio base station.

(Supplementary Note 52)

The method for radio communication according to Supple-
mentary note 49 or 50, wherein said neighbor radio base
station (neighboring eNB) updates the neighbor relation table
(NRT) of the own station.

(Supplementary Note 53)

The method for radio communication according to Supple-

mentary note 52, wherein said neighbor radio base station
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(neighboring eNB) updates radio parameters of the own sta-
tion based on an instruction from said control station (O&M).
(Supplementary Note 54)

The method for radio communication according to Supple-
mentary note 52 or 53, wherein said control station (O&M)
sends to said given radio base station (eNB) an activation for
transmission off or on; said given radio base station (eNB)
executing transmission off or on.

(Supplementary Note 55)

A radio communication system comprising a plurality of
radio base stations (eNBs) and a control station (O&M) con-
nected to said radio base stations;

afirst one (eNB) of said radio base stations requesting said

control station (O&M) to switch transmission off or on

in a cell managed by the own station on occurrence of a

preset trigger to prompt transmission on or off in said

cell;

said control station (O&M) on receiving said request

changing an attribute in a neighbor relation table (NRT)

of a neighbor radio base station (neighboring eNB) of
said first radio base station (eNB).
(Supplementary Note 56)

The radio communication system according to Supple-
mentary note 55, wherein said control station (O&M) addi-
tionally checks or unchecks an attribute of no transmission
(No Tx) regarding said cell.

(Supplementary Note 57)

The radio communication system according to Supple-
mentary note 55 or 56, wherein, said control station (O&M)
sends the radio parameter information to be updated in said
neighbor radio base station (neighboring eNB) to said neigh-
bor radio base station.

(Supplementary Note 58)

The radio communication system according to Supple-
mentary note 55 or 56, wherein, said neighbor radio base
station (neighboring eNB) updates radio parameters of the
own station.

(Supplementary Note 59)

The radio communication system according to Supple-
mentary note 58, wherein, said neighbor radio base station
(neighboring eNB) updates radio parameters of the own sta-
tion under an instruction from said control station.
(Supplementary Note 60)

The radio communication system according to Supple-
mentary note 58 or 59, wherein, said control station (O&M)
sends an activation of transmission off or on to said radio base
station (eNB); said radio base station (eNB) executing trans-
mission on or off.

The invention claimed is:

1. A radio communication system comprising:

aplurality of base stations, including a first base station and

a second base station;

wherein the first base station comprises:

a first communication control unit configured to switch
off a cell of the first base station, the cell having a
respective Cell Global Identifier;

the first communication control unit being configured to
send, to the second base station,

a first notification indicating that the cell corresponding
to the respective Cell Global Identifier is switched off;,
and

a second notification indicating deletion of information
of'the cell corresponding to the Cell Global Identifier;
and

wherein the second base station comprises a second com-

munication control unit configured to maintain a neigh-

bor relation configuration of the cell of the first base

32

station even when the cell of the first base station is

switched off, and to respond to the second notification

sent from the first base station by deleting the informa-

tion of the cell of the first base station corresponding to

5 the Cell Global Identifier when the second notification is
received.

2. The radio communication system according to claim 1,

wherein the second base station is further configured to
respond to at least one of the first notification and the
second notification by updating a neighbor cell list.

3. A base station, intended for use in a radio communica-

tion system, the base station comprising:

a communication control unit configured to switch off a
cell of the base station having a Cell Global Identifier
and to send, to another base station,

a first notification indicating switch off of the cell of the
base station corresponding to the Cell Global Identifier,
and

a second notification requesting deletion of information of
the cell of the base station corresponding to the Cell
Global Identifier; and

the communication control unit being configured to:
maintain a neighbor relation configuration of another

cell of the another base station even when the base
station is informed that the another cell is switched
off, and

delete the information of the another cell in response to
the second notification from the another base station.
4. A base station, intended for use in a radio communica-
tion system, the base station comprising:
a communication control unit configured to receive a first
notification indicating that a cell of another base station
corresponding to a Cell Global Identifier is switched off
and a second notification indicating deletion of informa-
tion of the cell of the another base station corresponding
to the Cell Global Identifier;
the communication control unit being configured to:
respond to the first notification by updating a neighbor
cell list to reflect a switching off of the cell corre-
sponding to the received Cell Global Identifier, and

respond to the second notification by deleting informa-
tion of the cell corresponding to the received Cell
Global Identifier.

5. A communication method in a radio communication
system including a plurality of base stations, the method
comprising:

switching off a cell of a first base station;

sending to a second base station,

a first a notification, including a Cell Global Identifier
corresponding to the switched off cell, that the cell of
the first base station corresponding to the Cell Global
Identifier is switched off; and

a second notification, including the Cell Global Identi-
fier, requesting deletion of information of the cell of
the first base station corresponding to the Cell Global
Identifier;

maintaining a neighbor relation configuration of the cell of
the first base station even when the cell of the first base
station is switched off, by the second base station; and

responding to the second notification sent from the first
base station by deleting the information of the cell of the
first base station.

6. The method according to claim 5, further comprising

65 responding to the at least one of the first notification and the
second notification by updating, by the second base station, a
neighbor cell list.
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7. A method of a base station in a radio communication
system, comprising:
receiving a first notification that a cell of another base
station identified by a Cell Global Identifier is switched
off and a second notification requesting that information
of the cell of the another base station identified by the
Cell Global Identifier is deleted;

maintaining a neighbor relation configuration of the cell of
the another base station even when the cell of the another
base station is switched off; and

deleting the information of the cell of the another base

station when the second notification is received.

8. The method according to claim 7, further comprising
updating a neighbor cell list upon reception at least one of the
first notification and the second notification from the first base
station.

9. A method of a base station in a radio communication
system, the method comprising:

switching off a cell of the base station having a Cell Global

Identifier;

sending to another base station,

a first notification indicating switch off of the cell of the
base station corresponding to the Cell Global Identi-
fier, and
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a second notification requesting deletion of information
of'the cell of the base station corresponding to the Cell
Global Identifier;

maintaining a neighbor relation configuration of another
cell of the another base station even when the base sta-
tion is informed that the another cell is switched off; and

deleting the information of the another cell in response to
the second notification from the another base station.

10. A method of a base station in a radio communication

system, the method comprising:

receiving a first notification indicating that a cell of another
base station corresponding to a Cell Global Identifier is
switched off and a second notification indicating dele-
tion of information of the cell of the another base station
corresponding to the Cell Global Identifier;

responding to the first notification by updating a neighbor
cell list to reflect a switching off of the cell correspond-
ing to the received Cell Global Identifier; and

responding to the second notification by deleting informa-
tion of the cell corresponding to the received Cell Global

Identifier.



